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Multi-detector row computed tomography
angiography of peripheral arterial disease
Abstract With the introduction of
multi-detector row computed tomo-
graphy(MDCT),scanspeedandimage
quality has improved considerably.
Since the longitudinal coverage is no
longer a limitation, multi-detector row
computed tomography angiography
(MDCTA) is increasingly used to
depict the peripheral arterial runoff.
Hence, it is important to know the
advantages and limitations of this new
non-invasive alternative for the refer-
ence test, digital subtraction angiogra-
phy. Optimization of the acquisition
parameters and the contrast delivery is
important to achieve a reliable en-
hancement of the entire arterial runoff
in patients with peripheral arterial dis-
ease(PAD)usingfastCTscanners.The
purpose of this review is to discuss the
different scanning and injection proto-
cols using 4-, 16-, and 64-detector row
CTscanners, to propose effective
methods to evaluate and to present
large data sets, to discuss its clinical
value and major limitations, and to
review the literature on the validity,
reliability, and cost-effectiveness of
multi-detectorrowCTintheevaluation
of PAD.
Keywords Human . Peripheral
vascular diseases . Radiography .
Tomography . X-ray computed
methods . Reproducibility of results .
Sensitivity and specificity
Abbreviations PAD: peripheral
arterial disease . CT: computed
tomography . MDCT: multi-detector
row computed tomography. MDCTA:
multi-detector row computed
tomography angiography . 4D-CT:
four-detector row computed
tomography . 16D-CT: sixteen-
detector row computed tomography .
64D-CT: sixty-four detector row
computed tomography . DSA: digital
subtraction angiography . 3D: three-
dimensional . MIP: maximum
intensity projection . MPR:
multiplanar reformat . CPR: curved
planar reformat . VR: volume
rendered
Introduction
Before multi-detector row CT (MDCT) technology was
available, the evaluation of peripheral arterial disease
(PAD) using CT was restricted to imaging only a portion
of the peripheral arterial tree [1–8].With the introduction of
four-detector row CT (4D-CT) in 1998, this major
limitation was overcome. A complete coverage of the
lower extremity inflow and runoff arteries was possible
with one acquisition using a single-contrast bolus. With the
launch of the 16-detector row CT (16D-CT), the spatial
resolution increased to near isotropic voxels and the con-
trast medium efficiency improved [9–11]. True isotropic
high spatial resolution of the entire volume was possible
using the 64-detector row CT (64D-CT) scanner. In
addition, improved X-ray tube capacity and scan speed
allow submillimeter acquisition of a large coverage without
limitations. These developments made multi-detector row
CT angiography (MDCTA) an accurate alternative for
the assessment of the peripheral arteries [12–25]. Using
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CT angiography is a robust non-invasive technique for
evaluating chronic and acute disease of the peripheral
arteries. We present a review concerning our experience
with 4-, 16-, and 64-detector row CT scanners in patients
with PAD.
Technique
Preparation
There are no specific prescanning preparations necessary
for MDCTA of the peripheral arteries. The patient is placed
comfortably to avoid movement, in the supine position
with raised arms on the CT table. The legs are stabilized
with cushions around the legs and slightly strapped with
adhesive tape distally. It is important that the patient does
not wear metal zippers or buttons on their clothing, since
this can have a negative influence on the image quality,
especially when using postprocessed images. Oral contrast
should not be used, as this complicates postprocessing
display (Table 1). Contrast material needs to be adminis-
tered at body temperature to decrease the viscosity. The
protocol can be completely programmed into the scanner.
Technical parameters
The main challenge for peripheral CT angiography is the
great range of the vascular system that needs to be depicted.
Using a scanogram of approximately 1,500-mm length, the
coverage of the acquisition is planned from the celiac trunk
(T12 vertebral body) to the level of the talus using 4D-CT,
or to the level of the feet using 16D-CT or higher (Fig. 1).
Scan duration
The optimal scan duration for peripheral CT angiography
varies between approximately 20 to 40 s, depending on
the number of detector rows and the collimation (Table 2).
The velocity of a contrast bolus to travel from the aorta to
the popliteal arteries varies from 29 to 177 mm/s in patients
with PAD [26]. This large variability is unpredictable and
does not correspond to the severity of PAD. Based on these
bolus travel times, it is recommended to limit the maximum
table speed on faster scanners to 30 mm/s to avoid out-
running the bolus, leading to poor distal vessel opacifica-
tion. This can be obtained, for example, by limiting the
gantry rotation speed from 0.33 to 0.5 rotations per second
or reducing the pitch (Table 2). Moreover, it is advised to
program a second acquisition protocol into the scanner to
start immediately if delayed distal enhancement is detected
(Fig. 2). Because the time of the contrast bolus to travel
from the aorta to the ankles varies from 7 to 40 s, a longer
scan duration increases the risk of venous contamination,
especially when there is critical ischemia and inflammation
[26, 27]. Nevertheless, the discrimination of the arteries
from the veins is often possible due to the stronger arterial
enhancement and the anatomic 3D information [12].
UsingrecentMDCTscanners,fastscans(25sorless)can
be performed of the peripheral arteries to reduce the amount
ofcontrastmedia.Toallowfastscanspeedusing16-detector
row CT (16D-CT) scanners, a wider collimation must be
used (Table 2). The 64-detector row CT (64D-CT) even
allows to perform fast scans while maintaining submilli-
meter collimation. However, to ensure distal opacification,
the scanning delay must be increased appropriately in fast
scans. Another difficulty of a fast scan is that there is a
greater risk of asymmetric enhancement in patients with
severe unilateral vascular disease. Therefore, it is safer to
choose a slower scan speed.
Collimation
To aim for maximal spatial resolution, a thin section
collimation width allows a narrow effective slice width.
Furthermore, the partial volume effect and blooming effect
of calcium will be reduced (Fig. 3)[ 10]. The collimation
should be chosen as narrow as possible but still allowing
for a table speed of 30 mm/s and depends on the number of
detector-rows and heat capacity. On a 4-detector row CT
(4D-CT), the collimation is limited to 4×2.5 mm, whereas
the 16D-CT and 64-detector row CT (64D-CT) allow a
submillimeter collimation of 16×0.75 mm and 32×2×
0.6 mm, respectively.
Using 16D-CT in obese patients, the thin collimation
protocol leads to unacceptable noise levels in the abdomen
and pelvis because the tube is unable to deliver the
necessary dose in this submillimeter configuration. In order
to enable the tube to deliver a higher dose, a wider col-
limation (16×1.5 mm) with a reduced pitch factor of 0.7
(Table 2) is used to improve the image quality in obese
patients. For the 64D-CT scanner, there is no longer a
tradeoff between resolution and scan speed, and it allows,
even in obese patients, a fast submillimeter scan protocol.
Table 1 Prescanning preparation
Parameter Description
Clothing No metal parts on clothing
Oral contrast None
I.V. cannula antecubital Minimally 22 G (0.6 mm inner diameter,
blue valve)
Positioning Supine, stabilized and lightly strapped,
feet-first and arms elevated
Respiratory phase Inspiration during abdominal-pelvic range
3209Contrast injection
It is important in peripheral CT angiography to obtain a
high and homogenous enhancement of the arterial tree and
to synchronize the acquisition with the enhancement. The
optimization of acquisition timing and contrast medium
delivery is essential for vascular assessment and image
postprocessing. Normally, attenuation values higher than
200 HU in the arteries is considered suitable in MDCTA
[12, 13]. For the intravenous injection of contrast medium
in the antecubital vein, 22- and 20-gauge intravenous
cannulas are needed for the maximal flow rates of 3.5 and
5.0 mL/s, respectively.
Acquisition timing
Duetotheinterindividualhemodynamicvariabilityinperiph-
eral CTangiography, reliable timing techniques are preferred
over using a fixed delay. The test-bolus technique relies on
Fig. 1 (a) Scout image with
three planned reconstruction
batches of the abdomen, the
upper legs, and the lower legs to
preserve postprocessed image
resolution. The frames 3-1, 3-2,
and 3-3 depict the field of view
of the three data sets, which
need to be as narrow as possible
to optimize pixel size. Whole-
body volume maximum intensi-
ty projection (MIP) images after
semiautomated bone removal of
the abdominal data set (b), the
femoral data set (c), and the
crural data set (d)
Table 2 Acquisition parameters for various multi-detector row computed tomography (MDCT) configurations for the angiography of
peripheral arteries
Type of
scanner
Section
collimation
width (mm)
b
Rotation
time (s)
Pitch
c Table feed
(mm/ rotation)
Table
speed
(mm/s)
Scan
duration
(s)
d
Characteristics
4D-CT
a 4×2.5 0.5 1.5 15 30 40 Slow scan protocol, thick minimal slice width
16D-CT
a 16×0.75 0.5 1.3 15 30 40 Slow scan protocol, high resolution
16×1.5 0.5 0.7 17 34 35 Slow scan protocol, less resolution, better in
obese patients
16×1.5 0.5 1.0 24 48 25 Fast scan protocol, less resolution, reduction
of contrast media
64D-CT
a 2×32×0.6 0.5 0.8 15 30 40 Slow scan protocol, high resolution, isotropic voxel,
double z-sampling, scanning of obese patients possible
2×32×0.6 0.33 0.8 16 48 25 Fast scan protocol, reduction of contrast media, high
resolution, isotropic voxel, double z-sampling, scanning
of obese patients possible
2×32×0.6 0.33 1.0 19.8 60 20 Fast scan protocol, reduction of contrast media, high
resolution, isotropic voxel, double z-sampling, scanning
of obese patients possible, risk of outrunning the bolus
aProtocols designed for Siemens CT scanners (Siemens Medical Systems, Erlangen, Germany) and should be modified appropriately for
other models and manufacturers
bValues are number of sections times section width
cPitch as the ratio of the table feed per rotation over the total width of the collimated beam
dScan times representing a scanned range of 120 cm
3210Fig. 2 Images from the first and
second delayed acquisition of a
37-year old male with blue toe
syndrome of the left hallux.
(a and b) VRT images of the
first acquisition show in the
aneurysmatic abdominal aorta a
short occlusion of the left fem-
oral artery (white arrows) due to
thrombo-embolism and an
occlusion of the entire right
superficial femoral artery. The
anterior tibial arteries seem oc-
cluded in both legs. (c and d)
VRT image of the feet with the
first and the delayed second
acquisition. The first acquisition
(c) shows that the arteries of the
feet are not enhanced yet due to
slow flow (asterisk). The de-
layed acquisition (d) shows that
both dorsal pedal arteries are
patent and that the proximal
arcuate artery and the first dorsal
metatarsal artery (black arrows)
of the left foot are occluded due
to thrombo-embolism
Fig. 3a, b Images of 16-detector row CT (16D-CT) acquired with a
collimation of 0.75 mm showing the effect of slice width (SW) on
the blooming of the arterial wall calcifications. (a) Reconstructed
axial image of the right external and internal iliac artery with SW of
3.0 mm using a B46 reconstruction kernel shows more blooming of
the calcifications than (b). (b) Reconstructed axial image of the right
external and internal iliac artery with SW of 0.75 mm using a B46
reconstruction kernel with less blooming of calcifications
3211the dynamic monitoring of small contrast boluses to measure
the contrast arrival and travel time at the proximal and distal
arteries, respectively. The bolus-triggering technique is a
commonly used timing technique that is based on repetitive
low-dosesequentialscansatthelevel oftheabdominalaorta,
to monitor the arrival time of the contrast media. The
acquisition starts automatically when the preferred threshold
is reached, approximately 100 to 150 HU above the baseline
value.During a transition delay, which is the time needed for
the table to move and start the scan, of approximately 4 s,
breathing instructions canbe given to the patient. During this
delay,theenhancementoftheaortawillfurtherincreasetoan
absolute value of more than 200 HU.
For a fast scan protocol, an extra delay must be added to
the contrast arrival time to ensure distal arterial opacifica-
tion [28]. This extra delay can be calculated as 35 s minus
the scanning time. Thus, for a scan time of 25 s, a extra
delay of 10 s. must be added. Another option is to monitor
at the proximal level of the popliteal artery and to start the
scan manually when enhancement is visualized. Conse-
quently, the time of contrast arrival increases by approxi-
mately 8 s [26, 27] and the transition delay of the scanner
increases to 11 s to travel from the knees to the diaphragm
and then starting the acquisition.
Contrast injection
The volume of contrast material ranges from 120 to 160 ml
for a typical scan duration of 40 s. The amount of contrast
media depends on the scan duration and on the flow rate.
Because the last volume of the bolus will not contribute to
the enhancement when scanning below the knees, the
injection duration can be shortened by 5 s, e.g., a 35-s
injection time is used for an acquisition of 40 s. However,
to ensure the enhancement of all arteries, the injection
duration should not be shorter than 30 s and in fast scan
protocols, a delay time needs to be added appropriately to
prevent outrunning the contrast bolus. A flow rate of 3 to
4 ml/s is necessary for adequate arterial enhancement [12].
This corresponds to an iodine administration rate of 1.0 to
1.4 g/s using a contrast media concentration of approxi-
mately 320 to 350 mg I/mL. Based on the reported
literature the average values of contrast media volume,
concentration, injection rate, and administration rate are
134 ml, 341 mg I/mL, 3.5 ml/s, and 1.2 g/s, respectively
[9–25, 29–36]. By increasing the iodine concentration to a
concentration of 400 mg I /mL, the iodine administration
rate can be increased to 1.6 g/s to increase the enhancement
[37]. To optimize the enhancement, 20 to 60 mL of saline is
injected immediately after the contrast media. A tighter
bolus can be obtained to increase the attenuation.
Using a monophasic injection rate, the arterial enhance-
ment increases over time to decrease at the end of the bolus.
Consequently, the Hounsfield values of the enhanced
arteries start lower at the level of the aorta and increase at
the level of the popliteal artery to the highest attenuation
value, and, subsequently, decrease distally in the runoff
arteries, especially for longer scan durations [26]. A more
homogenous enhancement can be achieved using a biphasic
injection rate using a higher rate (5–6 ml/s) at the beginning
(during the first 5 s) of the injection and a lower rate (3 ml/s)
for the remaining volume. In clinical practice, a monophasic
injection rate is often used because it is a simple method and
has resulted in adequate image quality [37].
Patient dose in MDCT
A particular concern with MDCT scanners is delivering
potentially higher radiation doses. To maintain the noise
level in submillimeter slices, the dose needs to increase
proportionally. On the other hand, with the increasing
number of detector rows, the z-axis efficiency improves,
since the overbeamed area decreases. Current MDCT
scanners present an indication of patient dose on the
scanner console for dose awareness and to help optimize
the scan protocol. Useful in CT angiography is that, when
reducing the X-ray energy, the contrast-to-noise ratio
increases. Compared to a standard scan with 120 kVp,
selecting 100 kVp, results in a dose saving of approxi-
mately 40% [38–40]. Furthermore, dose reduction can be
achieved by decreasing the tube current using automatic
tube current modulation. With angular tube current mod-
ulation, the tube current varies during the course of a
rotation. The changing attenuation through different
projections around the patient (e.g., at the level of the
pelvis) can be used, to reduce unnecessary x-rays in the
anterior–posterior projection without any substantial effect
on image quality [9, 41, 42]. With longitudinal tube current
modulation, the tube current varies along the z-axis based
on the size, shape, and attenuation to maintain a predefined
noise ratio. Compared with constant tube current, this
technique results in acceptable image noise and a dose
reduction of 20% or more without compromising diagnos-
tic image quality [9, 41, 42].
The average patient dose reported in the literature in
the assessment of PAD with CT angiography is 7.47 mSv
[9, 12, 24, 31, 43]. The radiation risk from these doses
is not a major concern in patients with PAD. Their life
expectancy is shorter than the latency period of a
radiation-induced fatal malignancy [44–46].
Display and evaluation
Image reconstruction
The raw data set is reconstructed using an increment with
50% to 70% overlap. Peripheral CTangiography generates
more than 1,500 axial images, depending on slice width
and reconstruction increment. It is recommended to
3212reconstruct separate data sets. Routinely, we calculate three
separate data sets of the peripheral runoff (Fig. 1). The first
advantage is that it allows us to reconstruct thicker slices,
e.g., of 1.5 mm for the abdominal and femoral data set, and
thinner slices for the crural data set to optimize the
resolution and to minimize the data load [9, 10, 16, 20, 23].
Secondly, longitudinal images that are calculated from the
entire data set have a decreased resolution, due to the
limited display matrix (e.g., 512×512) [32]. Images that
are reconstructed from the separate data sets will preserve
the initial longitudinal resolution.
A smooth kernel (B20 for Siemens CT scanners) is
generally used in CT angiography and leads to an accurate
depiction of the diameter of the vessels and is very
appropriate for postprocessing. A sharp kernel (B46) is
used when stents or severe vessel wall calcifications are
present, as it minimizes the blooming effect at the cost of
some increase in the noise level [47].
The field of view (FOV) is selected as small as possible
to optimize pixel size. A FOV of 380 mm, 350 mm, and
300 mm for the abdominal, femoral, and crural data sets,
results in pixel sizes of approximately 0.74 mm, 0.68 mm,
and 0.58 mm, respectively. Also, the FOV can be further
decreased to 200 mm by including only one leg, leading to
a pixel size of 0.4 mm.
Advanced postprocessing and image evaluation
Additional two-dimensional (2D) and three-dimensional
(3D) postprocessing techniques are required to facilitate
interpretation and presentation. Reviewing exclusively the
transverse images is inefficient and less accurate than
reviewing a combination of reformatted images.
To preservethe studyquality for clinicaldecision making,
a standard set of postprocessed images needs to be included
in the protocol. These include thin-slab maximum-intensity
projections(MIPs)throughvisceralandrenalarteriesandthe
abdominal aorta, through femoropopliteal arteries, and
through crural arteries (Fig. 4); whole-volume MIPs of the
separate data sets after bone removal (Fig. 1) and when
necessary,afterremovalofvesselwallcalcifications(Fig.5);
and curved planar reformations (CPRs), e.g., through the
iliac arteries. Volume-rendered (VR) images are fast and
effortless created to present the pathology to clinicians, who
normally do not have the possibility to review the data set
interactively.
The data sets are reviewed effectively by evaluating the
standard set of postprocessed images and, interactively,
exploring the data set using multiplanar reformations
(MPRs) . The transverse images (or true cross-sectional
images) need to be considered to verify diseased segments
[4, 6, 19].
When extensive calcifications or stents are present, the
vessel lumen visibility and the clinicians’ confidence in the
CT images will decrease [25]. In whole-volume MIPs,
superimposing calcifications can be selected to be removed
digitally from the data set using thresholding and region-
growing techniques (Fig. 6). However, the removal of the
numerous arterial wall calcifications can be very time
consuming. Another limitation of these segmentation
techniques is that readers should be aware of artificial
Fig. 4a–d Standard slab MIP
images in the postprocessing
protocol make MDCTA of
peripheral arteries on a routine
basis feasible. Slab MIPs are
easy and fast to create and to
evaluate. The images depict the
vasculature without superim-
posing bones (a and b). From
the abdominal data set, MIP
images are created in coronal
projection to depict the renal
arteries (b) and in sagittal pro-
jection to depict the celiac trunk
and mesenteric arteries (d). The
aorta is also depicted for eva-
luation. (c) Standard coronal
slab MIPs from the data set of
the upper legs are created, which
are parallel to the superficial
femoral and popliteal artery.
(d) Standard coronal slab MIPS
from the data set of the lower
legs display the crural arteries
3213stenoses and occlusions. These can be introduced when
voxels that represent lumen are inadvertently removed
when in close contact with the bones (Figs. 7 and 8)o r
when a too low threshold value is used (Fig. 5). In addition,
in VR images, the lumen is also obscured by vessel wall
calcifications and, as a result, should not be used for the
Fig. 5a–d Volume MIP images in anteroposterior projection show
the result of three different threshold levels used for the segmen-
tation of arterial wall calcifications. (a) Volume MIP before removal
of the calcifications shows that the lumen is not visible. (b) Volume
MIP after removal of the calcifications shows that, still, many voxels
of calcification are present, hampering lumen assessment (arrows).
(c) Volume MIP shows angiogram after calcium segmentation using
a correct threshold level allowing lumen assessment. The rest of the
voxels of the burden of calcifications are just visible as unesthetical
noise, which is, however, preferable to introducing pseudo-stenoses
(d)( arrows) by using a too low threshold level
Fig. 6a–d Influence of vessel
wall calcifications on postpro-
cessed images and the ability for
lumen assessment. (a)V R T
image (medial view) of right
femoropopliteal segment show-
ing arterial wall calcification;
does not allow luminal assess-
ment. (b) CPR image (antero-
posterior view) shows the
interior of blood vessels as a
longitudinal cross-section, even
in the presence of the arterial
wall calcifications. This is the
preferred imaging technique
when extensive calcifications of
the vessel wall are present.
Volume MIP (anteroposterior
view) after bone removal using
region-growing and threshold
techniques (c) does not allow
lumen evaluation. Volume MIP
after additional calcification
removal (d) removes superim-
posing calcification to enable
lumen evaluation
3214lumen assessment (Fig. 6). A more reliable technique for
stenosis detection in extensive calcified arteries is CPR,
which displays the lumen as a longitudinal cross-section
(Fig. 6). When using an application that semi-automatically
traces the vessel lumen, the risk of an inaccurately
positioned central lumen line is minimized. The CPR
projection should include at least two perpendicular
longitudinal projections and true cross-sectional images
can be viewed for lumen assessment [19]. Software tools
are available for automatic quantitative evaluation of the
traced lumen and to generate a graphical presentation of
luminal diameter (Fig. 9). Multipath CPRs are under
development and could enhance image evaluation.
Wall calcification problem
The depiction of vessel wall calcifications using MDCT
can be valuable, since severely calcified arteries may have
consequences for bypass surgery. On the other hand, these
wall calcifications are known to hamper the assessment of
the lumen [2, 10, 14, 19]. Approximately 20% to 50% of
the vascular segments contain wall calcifications, of which,
10% severely calcified [11, 19]. Patients with a history of
diabetes mellitus, cardiac disease, or elderly age are very
likely to have extensive calcifications [48]. Furthermore,
we found that patients with Fontaine stage III/IV have
Fig. 7a–c Images of segmentation artifacts due to bone removal in
16D-CTA. (a) Volume MIP after bone segmentation of the lower
legs showing a pseudo-occlusion of both distal anterior crural
arteries (arrows), which is caused by segmentation of the bones. (b)
MIP of the lower legs showing the anterior tibial arteries in close
proximity to the tibia (arrows), which is the cause of the false
positive pseudo-occlusion. (c) Axial image of the lower legs just
caudal from the pseudo-occlusion, showing the patency of both
anterior tibial arteries of both legs in close proximity of the tibia
(arrows)
Fig. 8a–c Applying blue color to the voxels selected for removal
helps to identify the sites of segmentation artifacts in VRT images.
(a) VRT image before bone segmentation of the lower legs showing
patent proximal anterior tibial arteries. (b) VRT with blue bones to
indicate the voxels to be removed shows the voxels of the bone
which are in contact with the proximal anterior tibial artery are not
selected for removal and shows the voxels of the artery which are
selected for removal. (c) Segmented VRT image showing the
pseudo-occlusion of the anterior tibial artery
3215more infrapopliteal arterial wall calcifications compared
to stage IIb.
How can we deal with the vessel wall calcifications
depicted with MDCTA? It is important to use a wider
window width (WW) and higher window center (WC)
level settings from the usual CT angiography level of
around 150 WC±250 WW to 200 WC±1000 WW for a
better differentiation of calcifications and stents from the
enhanced lumen and to minimize the effect of blooming. A
further minimization of blooming is reached by using a
sharper reconstruction kernel and higher spatial resolution.
Especially in MIP images, the lumen is hidden by the
circumferential calcifications. In these circumstances,
transverse images, CPR images, and the digital removal
of the calcifications help to depict the lumen, at least for the
larger arteries. Despite all of the available tools, in
particular in the smaller crural arteries, the concentric
calcifications still hamper lumen assessment [11]. Recent
publications showed that a subtraction technique using two
acquisitions is feasible in some patients with PAD using
MDCTA [24, 49]. In the near future, automated 3D
applications could help to minimize the impediment of the
calcifications [50]. Whether dual-energy CT angiography
can improve this limitation of CT needs to be evaluated.
Clinical value
Because MDCT angiography for the imaging of the
peripheral arteries is a rather new non-invasive technique,
there are a small number of studies published on its
performance and reproducibility (Table 3). The majority
report on 4D-CT; two authors report on 16D-CT. There are
no reports of the assessment of PAD using 64D-CTA. In
our meta-analysis soon appearing in Radiology, which
included 436 patients and 9,541 arterial segments, a pooled
sensitivity and specificity for detecting a >50% stenosis of
92% and 93% was estimated, respectively.
Publications on the reproducibility of CT angiography
reported a good intertest agreement between MDCTA and
DSA (Table 4) and a good to excellent interobserver
agreement for 4D-CTA [12, 21, 23, 35] and 16D-CTA
(Table 5)[ 9, 11]. A few studies provide stratified data on
the aortoiliac, femoropopliteal, and crural tract and show
that the accuracy and reproducibility of the crural tract is
lower than for the aortoiliac and femoropopliteal tracts
[9, 11, 20, 22, 23].
MDCTA leads to adequate decision making for treat-
ment recommendations concerning both the anatomical
level and the technique of revascularization [51]. A cost-
effectiveness study showed that MDCTA is a cost-effective
diagnostic strategy in the work-up of PAD [52, 53].
Randomized controlled trials confirmed that MDCTA in
PAD is the optimal diagnostic imaging technique [25, 54]
and reduces the diagnostic costs when compared to DSA
and CEMRA with comparable clinical utility and patient
outcomes. Besides these evidence-based results, local
expertise and availability also define which modality to
use in clinical practice (Table 6).
It is reported that arterial wall calcifications lead to false-
positive interpretations and a decreased reproducibility in
reading MDCTA [2, 14, 11]. We have to acknowledge this
Fig. 9a, b Results of semiau-
tomated quantitative lumen
assessment in aortoiliac arteries
of a patient with in stent throm-
bosis. (a) Graph (upper section)
displaying the maximum and
minimumdiametersofthelumen
to quantify stenosis. CPR (lower
section) through the aortoiliac
arteries, which can be rotated
around its longitudinal axis,
depicts the luminal obstruction
(asterisk) due to a thrombus
inside an iliac stent. (b) Corre-
sponding transverse image
confirms the occlusion of the
iliac stent
3216Table 3 Validity of CT angiography in peripheral arterial disease (PAD)
Author
a No. of
patients
No. of analyzed
segments
No. of
detectors
Reported
sensitivity (%)
e
Reported
specificity (%)
e
Assessed
segments
Stenosis
category (%)
h
Richter et al. 1994 32 ns 1 84 ns Iliac >50
Lawrence et al. 1995 6 134 1 93 96 Femorocrural >50
Raptopoulos et al. 1996 39 624 1 93 96 Aortoiliac 85–99
Rieker et al. 1996 50 400 1 73–88
b 94–100
b Femorocrural 75–99
Rieker et al. 1997 30 210 1 93 99 Aortoiliac 75–99
Kramer et al. 1998 10 ns 2 94 ns Iliocrural >90–99
Ishikawa et al. 1999 49 ns 1 97 95 Bypass grafts ns
Bourlet et al. 2000 22 318 1 95 90 Aortoiliac >50
Puls et al. 2001 31 186 4 89 86 Total tree 50–99
Willman et al. 2003 46 769 4 91 99 Aortoiliac grafts ns
Ofer et al. 2003 18 410 4 91 92 Total tree >50
Heuschmid et al. 2003 18 568 4 91
c 92
c Total tree >50
Martin et al. 2003 41 1,312 4 92 97 Total tree 75–99
Catalano et al. 2004 50 1,148 4 96 93 Total tree >50
Mesurolle et al. 2004 16 168 2 91 93 Total tree >50
Ota et al. 2004 24 470 4 99 99 Total tree >50
Poletti et al. 2004
d 12 144 4 82/96
g ns ns >50
Portugaller et al. 2004 50 740 4 92 83 Total tree area >70
Romano et al. 2004 42 3,402 4 93 95 Total tree ns
Romano et al. 2004 22 1,782 4 92 94 Total tree ns
Stueckle et al. 2004 52 ns 4 82 100 Total tree ns
Edwards et al. 2005 44 1,024 4 79 93 Total tree 50–99
Fraioli et al. 2006 75 1,425 4 96–99
h 94–96
h Total tree 50–99
Schertler et al. 2005 17 170 16 96 90 Popliteocrural >50
Willmann et al. 2005 39 1,365 16 96 96 Total tree >50
Unpooled mean 91 94
aBased on references [1–6, 8–10, 13–24, 31, 34, 35, 56, 57]
bFor various anatomic levels
cCalculated from the data
dBased only on subtracted MDCTA images, the positive predictive value was 95%
eSensitivity as published or calculated overall mean.
fDiameter stenosis is mentioned unless specified (>50 means stenosis more than 50% including occlusion)
gFor subtracted and nonsubtracted segments, respectively
hDepending on the MDCTA protocol with varying mAs
Table 4 Intertest agreement between CT angiography and digital subtraction angiography in PAD
Author
a No. of patients No. of assessed segments No. of detectors Reported intertest agreement
d Assessed segments
Raptopoulos et al. 1996 39 624 1 90% Aortoiliac
Beregi et al. 1997 20 52 1 100% Popliteal
Tins et al. 2001 35 219 1 84% Aortoiliac
Walter et al. 2001 22 456 4 κ=0.68 (0.50–0.97)
c Total tree
Rubin et al. 2001 18 351 4 100% Total tree
Heuschmid et al. 2003 23 1,136 4 86% Total tree
Ofer et al. 2003 18 444 4 78% Total tree
Romano et al. 2004 42 3,402 4 κ=0.68; 90% Total tree
Romano et al. 2004 22 1,782 4 κ=0.68; 90% Total tree
aBased on references [3, 7, 12, 14, 16–18, 35, 55]
bBased on 97% of the segments
cAverage of the reported kappa values (ranges) of the individual anatomical segments
dAn unweighted kappa statistic (κ) is reported for percentage agreement
3217limitation with current technology. A preferential indica-
tion for MDCTA in patients with intermittent claudication
(Fontaine stage IIb) is clearly justified. However, patients
with critical limb ischemia (Fontaine stage III/IV), who are
likely to have extensive calcifications of the smaller
arteries, could be better off undergoing contrast-enhanced
magnetic resonance angiography (CEMRA) or digital
subtraction angiography (DSA).
Finally, MDCTA is an accurate technique to evaluate the
patency after revascularization procedures [43]. The tech-
Table 5 Interobserver agreement of CT angiography in PAD
Author
a No. of patients No. of analyzed
segments
No. of
detectors
Reported interobserver
agreement
b
Assessed segments
Rieker et al. 1997 30 210 1 ρ=0.95 Aortofemoral
Walter et al. 2001 22 456 4 κ=0.71–0.76
c Total tree
Tins et al. 2001 35 219 1 78% Aortofemoral
Martin et al. 2003 41 1,312 4 κw=0.84 Total tree
Romano et al. 2004 42 3,402 4 κ=0.84;0.86
d Total tree
Romano et al. 2004 42 1,782 4 κ=0.85, 0.88, κ=0.80
e Total tree
Catalano et al. 2004 50 1,137 4 κ=0.80 Total tree
Ota et al. 2004 24 470 4 κ=0.88 Iliac
Portugaller et al. 2004 50 740 4 κ=0.81 Total tree
Kock et al.
f 73 2,268 4 κw=0.84 Total tree
Ouwendijk et al. 2005 79 2,419 16 κw=0.85 Total tree
Willmann et al. 2005 39 1,365 16 κ=0.85–1 Total tree
aBased on references [4, 7, 9, 11, 15, 17–19, 21, 23, 35]
bAn unweighted kappa statistic (κ) is reported, unless indicated (κw=weighted kappa statistic; ρ=intraclass agreement coefficients as a
measure of agreement for ordinal or quantitative data). A linear weighting was used, except in one paper [15], where a quadratic weighting
was used
cRange of kappa values of the individual anatomical segments
dFor reader one and two, respectively
eFor intraobserver (two readers) and interobserver agreement, respectively
fBased on unpublished data
Table 6 Advantages and limitations of multi-detector row CT angiography (MDCTA), contrast enhanced MR angiography (CEMRA), and
digital subtraction angiography (DSA)
MDCTA CEMRA DSA
Intermittent claudication (Fontaine II) + + +
Chronic critical ischemia (Fontaine III or IV) − ++
Short examination time + −−
Short postprocessing time − ++
Outpatient setting + + −
Availability + − +
Non-invasive technique/patient comfort
b ++−
Low diagnostic imaging costs + −−
Contrast media tolerance − + −
Three-dimensional imaging + + −
Non-interference of stents
c + − +
Radiation risk +(−)
d − +(−)
d
Acute clinical setting + − +
Hemodynamic assessment −−
a +
Extraluminal pathology visualization + −
a −
aIs only possible when using additional sequences
bFrom [58]
cFrom [59]
dNegligible risk in population with chronic obstructive PAD
3218Fig. 11a–d A 56-year old male
patient who had a history of
deep venous thrombosis with
intermittent claudication of the
right lower extremity. (a and b)
Thin MIP image shows an an-
eurysmatic right popliteal artery
with a tight stenosis distally. (c)
VRT and volume MIP (d) con-
firm these findings and show
patent proximal crural arteries
Fig. 10a, b Acute thrombosis
of the crural arteries in a
53-year-old woman with an
acutely cold left leg after stop-
ping anticoagulation therapy.
The patient refused angiogra-
phy. (a) VRT image (postero-
anterior view) of MDCTA at the
level of the crural arteries shows
abrupt stoppage of arterial opa-
cification in the left peroneal,
anterior, and posterior tibial
artery (arrows). The contralat-
eral right crural arteries are
patent. (b) Selective anterograde
DSA image (posteroanterior
view) confirms the occlusions of
the three left crural arteries
(arrows) due to thrombo-
embolisms
3219nique can be used in the evaluation of acute ischemia, e.g.,
after a revascularization procedure or in thrombo-embolic
disease (Fig. 10). For aneurysmatic popliteal artery disease
or entrapment syndromes of the popliteal artery, MDCTA
is the preferred imaging modality (Fig. 11)[ 55].
Conclusion
Multi-detector row CT angiography (MDCTA) is an
outstanding non-invasive imaging test in the evaluation
of patients with peripheral arterial disease (PAD) and is
currently the modality of choice in patients with inter-
mittent claudication. The technique can be used in the
evaluation of patency after revascularization procedures
and in acute ischemia. MDCTA has been shown to have
high diagnostic performance and reproducibility in
evaluating peripheral arterial disease (PAD). MDCTA
reduces diagnostic costs and provides adequate informa-
tion for decision making. The most important drawback
is the limited lumen evaluation of extensive calcified
arteries. MDCTA appears to be clinically less valuable in
critical limb ischemia because of extensive crural artery
calcifications.
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